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Abstract: This study addresses the handover management issue for Device-to-Device communication
in fifth-generation (5G) networks. The Third Generation Partnership Project (3GPP) drafted
a standard for proximity services (ProSe), also named device-to-device (D2D) communication,
which is a promising technology in offering higher throughput and lower latency services to end users.
Handover is an essential issue in wireless mobile networks due to the mobility of user equipment
(UE). Specifically, we need to transfer an ongoing connection from an old E-UTRAN Node B (eNB) to
a new one, so that the UE can retain its connectivity. In the data plane, both parties of a D2D pair can
communicate directly with each other without the involvement of the base station. However, in the
control plane, devices must be connected to the eNB for tasks such as power control and resource
allocation. In the current standard of handover scheme, the number of unnecessary handovers
would be increased by the effect of shadowing fading on two devices. More important, the handover
mechanism for D2D pairs is not standardized yet. LTE-A only considers the handover procedure
of a single user. Therefore, when a D2D pair moves across cell boundaries, the control channels
of the two UEs may connect to different base stations and result in increased latency due to the
exchange of D2D related control messages. Hence, we propose a handover management scheme
for D2D communication to let both parties of a D2D pair handover to the same destination eNB
at the same time. By doing so, the number of unnecessary handovers, as well as the handover
latency, can be reduced. In the proposed method, we predict the destination eNB of D2D users based
on their movements and the received signal characteristics. Subsequently, we make a handover
decision for each D2D pair by jointly factoring in the signal quality and connection stability. Expected
improvement can be attained, as revealed in the simulation. Unnecessary handover can be avoided.
Consequently, both UEs of a D2D pair reside in the same cell and, therefore, result in increased
throughput and decreased delay.

Keywords: long term evolution advanced; Device-to-Device; handover; control signal; quality
of service

1. Introduction

Due to the rapid evolution of technologies in recent years, the popularization of mobile devices
such as smartphones, laptops, and tablets has resulted in immense changes in Internet connection
scenarios. The wireless communication system enables ubiquitous connectivity for mobile users
anytime and anywhere. More and more new mobile applications, such as high-definition audio,
multimedia streaming, and augmented reality, have emerged, which has led to a tremendous demand
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for mobile data traffic. However, due to the scarce radio resources in wireless networks, an effective
way to allocate radio resources while considering the throughput of the entire network and the quality
of service (QoS) demand of each user equipment (UE) has become an important issue.

As a promising technique for fifth-generation (5G) cellular networks to solve the problem
mentioned above, D2D communication has been first introduced in the Third Generation Partnership
Project (3GPP) in Release 12, which adopts the concept of proximity services (ProSe) [1]. By allowing
direct communication between two mobile devices without the involvement of an E-UTRAN Node
B (eNB), device-to-device (D2D) communication can reduce loads of eNBs and the core network.
Moreover, the transmission quality of UEs and the performance of the entire network would be
improved as a result of a shorter transmission distance between two mobile devices.

However, expecting the mobility of users, seamless handover is necessary in order to provide
ubiquitous communication when a user moves across a cell boundary. Most of the studies so far focus
on the conventional Long Term Evolution-Advanced (LTE-A) handover procedure for a single cellular
user [2-5]. The handover decision is mainly based on UEs’ reports of received signal strength and
quality, such as reference signal received power (RSRP), received signal strength indicator (RSSI),
and reference signal received quality (RSRQ). In D2D communication, on the other hand, although the
data can be directly transmitted among D2D devices, the connections between D2D UEs and eNBs are
still needed in order to transmit the control signals so that the base stations can adjust the power of
devices and allocate required resources to UEs.

Thus, there are two essential issues to be resolved in D2D handover management. First, it is
possible to see that both devices of the same D2D pair are connected to different eNBs at the cell
boundary. Such a configuration will generate additional latency due to the signal exchanges between
the two eNBs using the X2 interface. Therefore, allowing a D2D pair to be associated with the same
eNB bears a great advantage of scaling down signaling complexity and overhead among eNBs and
D2D devices. Second, seeing UE movements and the possible shadow fading in a real environment,
unneeded handovers would take place between two eNBs within a short period of time. The so-called
ping-pong effect may happen when a D2D user moves around in the overlapped coverages of multiple
eNBs or is obscured by trees, buildings, or other obstructions. In this aspect, the number of handovers
incurred by the ping-pong effect also generates additional latency and degrades the system performance
due to the reallocation of resources to the D2D users.

To jointly address these two issues, in this paper, we propose a novel D2D handover mechanism
for every pair of D2D users to choose their handover target eNB based on their movements and make
a handover decision based on the stability of the connections. In the proposed method, for the sake of
reducing unnecessary handovers incurred by the shadow fading, a judicious selection of the handover
target is indeed critical. In this aspect, we consider users’ movements, including directional changes
and distances to its neighbor eNBs, along with the signal-to-noise ratio (SNR) measured by each D2D
UE. We first choose the most appropriate eNB as the potential handover target for each D2D pair from
the candidate set of neighbor eNBs. This set will be updated at every time interval. Second, in order to
let both users of the same D2D pair connect to the same eNB as much as possible and further reduce
the number of handovers, we will make a handover decision for each D2D pair by jointly considering
the RSRPs observed by both users to the original serving eNB and the target eNB.

The main contributions of this paper can be summarized as follows:

e  Our approach ensures a more stable connection. In a realistic environment, due to the mobility of
UE and the shadow fading, it is possible that the received signal strength is unstable. It results in
frequent handovers, increased latency, and throughput degradation. In our proposed method,
the historical moving directions and the RSRPs of both devices of the same D2D pair will be taken
into account to pick up the handover target eNB.

e  For finding the best target eNB for a D2D pair to jointly hand over two devices, the proposed
method uses the RSRPs of both devices of the same D2D pair to define a utility function, which
serves as a criterion used to choose the best handover target eNB.
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e  Ourscheme satisfies the transmission quality of each device and reduces the number of unnecessary
handovers. This is because we make a handover decision for the same D2D pair by the connection
quality and stability.

The rest of this paper is organized as follows. In Section 2, we provide a survey of related work
in the literature. Then, our system model and the problem formulation are described in Section 3.
The proposed approach is presented in Section 4. Subsequently, we analyze the performance of our
proposed method, present the numerical results, and discuss the comparison with other approaches in
Section 5. Finally, some conclusions will be drawn in Section 6.

2. Related Works

Many previous works in the literature have considered the problem of handover. According to the
conventional LTE-A standard, a single cellular user can hand over from the serving eNB to the target
eNB if the RSRP from the target eNB is higher than the RSRP from the serving eNB plus a hysteresis
margin for a certain period, known as the time to trigger (TTT). This procedure is the so-called A3
event [6-8]. Therefore, some of the related works mainly focus on the configuration of the hysteresis
margin and TTT. Priyadharshini et al. [9] employed different combinations of eNB coverage, hysteresis
margin, and TTT in the urban and suburban areas to determine a better parameter setting. Likewise,
Kollias et al. [10] observed the different failure rates in handover and connectivity for different TTTs to
decide an optimal TTT value.

Numerous studies concentrate on the reduction of the number of handovers in order to decrease
the latency. They first choose the target eNB based on the movements of devices and then decide
whether or not to handover to the target based on the received signal condition. Wang et al. [11]
proposed a handover mechanism to decide the best handover target for each user according to its
historical movement records. In Chang et al. [12], a weighted-based handover scheme was proposed.
The authors set the weights of candidate eNBs according to UE’s bearing of movement. An eNB with
the highest weight was picked up as the target. However, when a user makes a U-turn, the weights of
some neighbor eNBs will still increase even though the user is moving away from such eNBs, which
would result in additional unnecessary handovers. In Cheikh et al. [13], the Markov Chain is used to
decide the connection probabilities to different eNBs based on the distances between a device and the
neighbor eNBs. However, all the above works only consider the handover for a single cellular user.

Various works are devoted to D2D communication from different aspects. Sathya et al. [14] presents
a solid study on the improvement of user SINR in LTE HetNets using D2D relay concept. There also
exist studies focusing on the D2D handover management. Ouali et al. [15] provides a valuable insight
from an analytic perspective into the D2D management problem. The D2D handover management
problem with reference point group mobility (RPGM) model is modeled as a two-stage queuing
network and a multi-dimensional Makov chain and used to evaluate the blocking and successful
handover probability. Ouali et al. [16] reports a comprehensively comparative study on different
D2D handover management techniques. They mathematically analyze the performance difference of
selected solutions and conclude that a software defined network (SDN)-based solution outperforms
others. In upholding the same belief that SDN-based solution is preferred, Yilmaz et al. [17] details
the architecture and procedure deign, and demonstrates its superiority. Although an SDN-based
approach is promising, a potential barrier is that SDN in not widely deployed. Li et al. [18] focuses
on the handover of D2D clusters in fast-moving environment, such as highways. Their design takes
advantage of D2D multicast in signaling and resource allocation. Simulation shows that the proposed
approach can reduce communication interruption probability and handover latency. This works can
be more complete if directional change can be considered.

As mentioned before, two devices of the same D2D pair are possibly connected to different eNBs
at the cell boundary, which brings about additional latency. Therefore, some approaches have been
proposed to cope with this problem. In Chen et al. [19], in order to let the users of the same D2D
pair link to the same eNB as much as possible, the authors proposed a D2D handover mechanism.
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Specifically, for a D2D pair, if one of the devices has met the handover condition while the other has
not, then it is allowed to postpone the handover decision until both devices have satisfied the handover
condition. In case neither of the devices can satisfy the minimum requirement of a predefined RSRP
threshold, the handover would be conducted immediately. However, this method entirely relies
on the selected threshold, and the blocking problem may happen when a threshold is set too low.
In Ouali et al. [20], the authors proposed two D2D handover schemes in which the movements of both
devices of the same D2D pair were jointly considered. In the situation that both devices are moving
in the same direction, the original serving eNB would hand them over together to the target eNB
based on their measurements of received signal condition. Another scenario is that both devices are
moving away from each other, and one of them has already handed over to a different eNB. In this
case, the other UE would set up a countdown timer. This D2D pair would be disjointed into two
independent cellular users if the timer countdowns to zero or the signal strength of the D2D link is
lower than a predefined threshold.

3. System Model and Problem Formulation

3.1. System Model

Assuming there are n macrocells in the network, we denote the set of eNBsas N = {1,2,--- ,n}.
Also, we assume that there are d pairs of D2D users with DUEi1 and DLIEZ.2 be the transmitter and the
receiver of i-th D2D pair, respectively. For the received signal condition of each user, we use RSRP,
to represent the RSRP received by k-th user from i-th eNB. In addition, we define ¢ as the minimum
requirement of RSRP for each device. Figure 1 shows the network environment under consideration in
this paper. DUE% and DUE% have connected to different eNBs on their control channels. There are
additional delays and overhead due to messages exchanges between these two eNBs. For simplicity
and without loss of generality, we assume that each pair of D2D users is served by the same eNB in the
beginning. Also, only the control plane is considered in this work; the data link between both users of
the same D2D pair is out of the scope of this study [15].

In conventional trigger-based handover with the LTE A3 event, users inform the original serving
eNB only when the handover conditions are met. Our method, however, let each user periodically
report its measurement of received signals from its neighbor eNBs. The original serving eNB makes
the handover decision for each D2D pair based on the channel conditions of both devices of the same
D2D pair.

~9 D2D link

< — = Control signal link

Figure 1. Network environment under consideration.
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3.2. Problem Formulation

For the sake of reduced latency, it is preferred to let both devices of each D2D pair connect to the
same eNB as much as possible. This issue can be regarded as an optimization problem—maximizing
the number of D2D pairs such that both parties connect to the same eNB. This optimization problem
can be formulated as follows:

d
max| Z X; @)
i=1
subject to ‘
1je{L~~,nLai:]4Vke{DLUﬂJDUEﬂ,Vie{L~~,d} )
af-RSRP! > ¢, Vj €1, ,n},Yk € {DUE}, DUE2}, Vi€ {1, ,d} 3)

where D2D UE is denoted as DUE. Dll]:"i1 and DUE% are the two UEs of the i-th D2D pair. X, € {0, 1} is

an indicator indicating whether both users of the i-th D2D pair {DUE}, DUE?} connected to the same

eNB or not. X; = 1 means that both DUE}, DLIEZ.2 connect to the same eNB, and X; = 0 otherwise. Also,
) i

}( is a Boolean variable where «a A

The RSRP{; is the RSRP received at user k from eNB j. In the optimization problem (1), the objective
is to let both devices of each D2D pair connect to the same eNB as much as possible. Constraint (2)
specifies that every user connects to exactly one eNB. Constraint (3) guarantees the signal quality for

a 1 indicates that there is a control link between user k and eNB ;.

each user in order to maintain the reliability of the control signals.

It is obviously that the control cost (or signaling cost, or connection cost) when both users of a D2D
pair connect to the same eNB, denoted by C, is lower than the control cost when two parties of a D2D
pair connect to different eNBs, denoted by C. It can be shown that a configuration with more D2D pair
connected to the same eNB will result in a lower control cost, as shown in the following theorem.

Theorem 1. A configuration with a lower connection cost would have more D2D pairs connected to the
same eNB.

Proof. Suppose there are two different configurations and one configuration has a connection cost of /
and the other has a connection cost of m. Without loss of generality, let [ > m. We prove by contradiction
and assume that the configuration with the connection cost  has more D2D pairs connected to the
same eNB.

If there are in total n D2D pairs, there are at most n pairs of D2D devices to the same eNB, and
there are at least zero D2D connection pair to the same eNB.

Let S = {(dfl,dfz), (d;l,d§2>, cee, (dfl,d;52)} denote the set of D2D pairs that each pair of D2D

devices is connected to the same eNB, T = {(lel’lez)’ (d;,dé), e, (dtTl,dg)} denote the set of D2D
pairs that each pair of D2D devices is not connected with the same eNB,and N = SUT, n = s+ .
Let each pair of D2D devices require a connection cost of C, when this pair belongs to set S and would
require a connection cost of C when this pair belongs to set T. Plainly, C > C since whenever a pair of
D2D devices is with the same eNB, there would not require communication overhead between two
neighboring eNBs and all communication signals are from the same BS. Then, the total connection cost
TC can be calculated as follows:

TC =sC+tC

Since n = s + t the above equation shows that the lower the total connection cost is, the more the
D2D pairs are connected to the same BSs, which leads to a contradiction to the assumption. Therefore,
the theorem is proved. O

The optimization problem in (1) can be approached by exhaustive search as follows. For d D2D
pairs and n eNBs, each user can connect to one and only one of n eNB. There are in total (n)Zd possible
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configurations. We can examine the feasibility of configurations one by one and count the number
of D2D pairs having both parties connected to the same eNB. The complexity of such an approach is
O(n). Since the order of the complexity is exponential, the optimization problem cannot be solved
solely by a primal entity in a practical system due to its complexity. Even more challenging is the
mobile and dynamic nature of the system as in operation. Therefore, we propose a novel D2D handover
mechanism for every pair of D2D users to choose their potential handover target eNB. The proposed
approach, with complexity O (d-n), aims to reduce unnecessary handover and let both parties of a D2D
pair connect to the same eNB.

4. Proposed Approach

Our objective is to reduce the unnecessary handovers caused by the possible ping-pong effect
while keeping both users of the same D2D pair connected to the same eNB. Our proposed method
consists of two phases—(1) choosing the appropriate target eNB as the potential handover target for
each pair of D2D users and (2) deciding whether or not to hand over to the target eNB.

4.1. Choosing Handover Target

According to the current 3GPP handover standard, each device can amend its transmission
quality by connecting to the eNB with the best-received signal status. However, in the realistic urban
environment, there are obstacles such as buildings and trees. When a user is moving around in the
overlapped area of multiple eNBs, the ping-pong effect may still happen due to possible shadow fading.
This effect introduces additional transmission latency and further decreases system performance.
Therefore, we should carefully choose the handover target, considering not only each user’s received
signal condition but also its movement.

Moreover, since both devices of the same D2D pair may connect to different eNBs at the cell
boundary, which results in additional transmission latency, it is beneficial to let both users of the same
D2D pair connect to the same eNB.

Therefore, to meet these goals, we would jointly consider the movements and the received signal
of both users of the same D2D pair in order to choose the most appropriate eNB for each D2D pair as
its potential handover target. Thus, by forcing both users of the same D2D pair to consider the same
eNB as their handover target, we alleviate the latency caused by unnecessary handovers and avoid
additional overhead generated between different eNBs. Consequently, in this section, we will propose
a criterion for choosing the potential handover target for each D2D pair.

First, there may be multiple eNBs that can be the prospective handover targets for a mobile
device during its movement. At each time slot, we have to maintain a list of candidate target eNBs
and select the best of them to be the potential handover target for each D2D pair. Thus, we define
a directional counter Dcoumg,mfi(t) as a counting value for i-th D2D pair with respect to m-th eNBs at
time slot t. Also, we use I'; to denote a set that consists of candidate targets for i-th pair of D2D users.
Users may report their locations back to their serving eNBs at each time slot by utilizing the global
positioning system (GPS) or other network-assisted positioning services. We can find out whether
a user is approaching a neighbor eNB by merely observing the distance changes between this user
and the eNB. Specifically, at time slot ¢, when a user k (where k € {DUE}, DUE?}) is approaching eNB
m, the corresponding D ounter Value will be added by one (i.e., Dcounter™ (t) = Deounter™ (t —1) + 1).
Note that Deyynter™ (0) = 0, Vi€ (1,2,--- ,d}, Ym € {1,2,--- ,n}. Also, eNB m will be added to T} if it
has not been added yet. Therefore, for an eNB with maximum D pyuter value with reapect to a D2D pair,
the connection quality between them is supposed to be the most stable among all connections between
other eNBs and that D2D pair. Thus this eNB would consequently be chosen as the handover target.

Second, assuming that there may be multiple eNBs in the set of candidate targets for a D2D pair
with the same largest Dgoynter value, another criterion is given for choosing the best target among
them. In this aspect, we define a utility function in which the received signal conditions of both
devices of the same D2D pair are considered. Specifically, the best target eNB should allow the shortest



Appl. Sci. 2020, 10, 4409 7 0f 22

transmission time for both users of the same D2D pair to transmit their control signals. As each device
will periodically report its received signal condition in terms of RSRP from all neighbor eNBs back to
its serving eNB, we can denote the reported set of RSRPs for a device as follows:

RSRP,""" = {RSRP}, RSRP, -+ ,RSRP}} @

where k € {DUE}, DLIEiZ} and i€ {1,2,---,d}. Note that for each device, if the received signal power
from certain eNB is too low to be detected, the corresponding RSRP value would be set to zero. Thus,
we can calculate the SNR for each user k with respect to an eNB m by

RSRP!"
SNR!" = ®)

p noise

where m € {1,2,--- ,n} and P,y is the additive white Gaussian noise (AWGN) power. With the SNR
value for each user with respect to each eNB, we can first calculate the transmission capacity, C[",
according to Shannon [21] and then further obtain the transmission time on the control channel for
each user k with respect to the eNB m, i.e.,

C" = B" x logy (1 + SNRI") ©)
Sk

T,k = = ()
C

where B" is the bandwidth allocated from eNB m to user k, and Sy is the size of the control signals
required by user k. However, due to the equal size of control signals received by both users of the same
D2D pair and the same bandwidth allocated to them, we can define our utility function for i-th pair of
D2D users with respect to eNB m by simply using SNR values of DUE} and DUE;2 as follows:

s 1
utility" = : : (8)

+
log2(1+SNRgUE}] zog2[1+5NRgUE’2]

Thus, if there are multiple eNBs with the same largest Doy uter Value to a D2D pair, we then allow
the eNB with the largest utility value to be the potential handover target of such a D2D pair. In addition
to multiple eNBs with the same largest Dcounter value, there might be a possible outage for a device
within a D2D pair, which is caused by shadow fading or being too far away from the original serving
eNB during its moving process. For this case, we would also use the utility function to determine the
new serving eNB for the D2D pair.

Moreover, due to the random nature of user mobility, some devices could change their directions
or even make a U-turn during their movements. This would lead to them to be more distant from their
handover candidates and further generate some mismatches in their list of candidate targets. To this
issue, we update the list of candidate targets for each D2D pair by tracking each user’s moving process.

-
Specifically, we first define a threshold in terms of turning angle p, and two moving vectors V]‘(’ld and

i
V““ as the initial moving direction and the current moving direction for user k, respectively. Then,

- -
for a user k at time slot ¢, we can use the dot product of Vzld and V' to calculate its current turning
angle 0 (t) as follows:
- —
Vold .ynew
-1 k k
Ok(t) = cos™ | ————— — )
Vol vy
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Figure 2 illustrates an example of a user’s moving process, where Py (t) is the position of user k at
time slot t. Thus, for a user k at time slot t where k € {DUEil, DUEiz}. If 0 < p, it implies that the turning
angle of user k is not large enough to cause the mismatches in I';. Thus we only need to update the
corresponding D pynter Values and add the appropriate eNBs to I'; as mentioned before. Conversely,
if 0 > p, we then set I'; to @ in order to avoid any possible mismatches in the handover candidate list.

Figure 2. An example of a user’s moving process.

According to the above rule, we design Algorithm 1 for the selection of a handover target for
the i-th pair of D2D users. We use C;(t) to indicate the set of eNBs to which the i-th D2D pair is
approaching and use d} (t) to represent the distance between user k and eNB m at time slot .

Here, we briefly discuss our proposed algorithm. In Algorithm 1, for i-th pair of D2D users, Lines
4-6 handle the possible outage caused by shadow fading or being too far away from the original
serving eNB. We use our utility function to guide both users to re-connect to a new serving eNB.

From Line 7 to Line 15, we have the historical position records of both users. The turning angle
with respect to the initial moving direction for each user can be calculated accordingly. Subsequently,
from Line 16 to Line 21, the turning angles of both users can be obtained. We then examine whether
any user’s turning angle is larger than the predefined threshold. If such a condition happens, we reset
the set of handover candidates to empty and start a new assessment of the handover candidates.

In addition, we would observe the proximity of each user with respect to each eNB to update the
corresponding Deounter values and have appropriate new eNBs added to the list, as seen from line 23 to
line 33. Consequently, from Line 36 to Line 38, we first choose the eNB with the largest Doynter value to
be the handover target. While there may be multiple eNBs satisfying this condition, we further choose
the eNB with the largest utility to be the handover target. Moreover, after choosing the handover target,
it is necessary to make the decision about whether or not to hand over to the target. This handover
decision process, referring to Line 35 to Line 39, will be discussed in the next section. Also, after the
D2D pair successfully hand over to the target, some related parameters should be refreshed, which can
be seen from Line 40 to Line 45.

Algorithm 1 Handover Target Selection Algorithm

Input: ¢ and p
Output: Target eBN for i-th pair of D2D users
1. Initialization:
I, =o; V,g’d = VE’W -0
Deounter™ (t—1) =0, Ym e {1,2,--- ,n}
Py(t—=1) = Py(t), Vk € {DUE}, DUE?}
while true do
Get P(t) and RSRP,™™", Vk e {DUE!, DUE2}
if DUE} and DUE? not connected to any eNB then
Connect it to the serving eNB (SeBN) by (8)
end
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7: for each k € {DUE1 DUEz} do

8: Vnew *Pk(t—l)Pk( )

9: if V"ld = 0 then

10: Vold Vnew

11: end

12: if Vo £ 0 and VI % 0 then
13: Calculate the tuning angle 0y by (7)
14: end

15: end

16: if GDUE} > por GDUEIZ > p then
17: SetT;to @

18: for each k € {DUE}, DUE2} do
19: Vold Vnew

20: end

21: end

22: Cl'(t) =g
23: foreach m € N do

24: if RSRPgUE1 #0and RSRP;;UEZ # 0 then

25: for each k € {DUE!, DUE2} do

26: Calculate d]' (t — 1) and d} (t) using Py (t — 1) and P(t)
27: if le(t -1) > d;”(t) then

28: Ci(i’) = Ci(t) Um

29: Dcounterm’i(t) = Dcounterm’i(t - 1) +1

30: end

31: end

32: end

33: end

34 T;=T;UG()
35 if RSRPSng < @ or RSRPNB < ¢ then

DUE 2
36: forje {F\SeNB } with the largest Dcounter do
37 Set j with the largest utility value to be the target eNB (TeNB) by (8)
38: end
39: Handover decision made by Algorithm 2
40: if the handover is successful then
41: SetT'jto @
42: foreach k € {DUE}, DUE2} do
43: Vold Vrlew
44: end
45: end
46: end
47: t=t+1
48: end

4.2. Handover Decision

After we select the potential handover target eNB for each D2D pair by jointly considering each
user’s movement and the received signal conditions of both users of the same D2D pair, we then need
to decide whether or not to handover the D2D pair to the chosen target.

As mentioned before, the objective of this work is to reduce the unnecessary handovers caused by
possible ping-pong effect and to ascertain both users of the same D2D pair to be with the same eNB.
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Since the latter and part of the former are achieved by choosing a single handover target eNB for each
pair of D2D users and by jointly taking into account their movements and received signal conditions.
In this section, we will make the handover decision for each D2D pair by factoring in the RSRPs of
both users of a D2D pair so as to further reduce the unnecessary handovers and to ensure the stability
of a connection.

As we have each user report its RSRPs received from all eNBs, we can thus examine the RSRPs
received from the current serving eNB and the likely target eNB for the D2D pair. Specifically, for i-th

pair of D2D users, since we have got RSRPSGN B RSRPSDeg}fZ, RSRPT"N B RSRPIT)‘ZgEIi, and a predefined

threshold of the minimum requirement of COI‘ll‘le]Cthl'l Q. Thus with the ]omt consideration of decreasing
inappropriate handovers and raising the stability of the connection, we can make the decision on
whether or not to hand over the D2D pair to the target eNB.

In this aspect, for i-th pair of D2D users, we first categorize the level of satisfaction regarding
the serving eNB into the following three classes: (1) both users are satisfied with the minimum

requirement of connection (i.e., RSRPS€NB > ¢ and RSRPSD"’LI\[?2 > @), (2) either one of them has

attained the minimum requirement of connectlon, but the other has not (i.e., RSRPSENB

upl 2 P and
RSRPNB < ¢, or RSRPSEN B < ¢and RSRPSEN > @), and (3) neither one of them has reached the

DUE?
minimum requirement of a connection (ie., RSRPIS;LI\I’ I, <pand RSRP%‘ZIZ}] L <o)
1 :

For the first class, both users of the same D2D pair can sustain their stability of connection by
connecting to the original serving eNB. For the sake of bringing down redundant handovers, it is not
suggested to hand over to the target eNB.

For the second class, if connecting both users of i-th D2D pair to the target eNB, we can further sort it
into the following three subclasses: (1) both users can satisfy their minimum requirement of connection

(i-e., RSRPTELZ;] B > pand RSRPTELI;I 5; > @), (2) either one of them can satisfy the minimum requirement

of connection but the other cannot (i.e., RSRPTELII‘]E @ and RSRPTENB2 < @, or RSRPT" uE! < @ and

RSRPEQLI;] Bz > @), and (3) neither one of them can satisfy the minimum requirement of Connection

(i.e., RSRPTQNB1 < @ and RSRPT‘ZLI;]EB2 < ¢). Specifically, for the first subclass, since the target eNB is
better than the]orlgmal serving eNB in terms of satisfaction, we then hand over both users to the target
eNB to advance their stability. For the second subclass, the satisfaction is the same for the D2D pair
with regard to its target eNB and its original serving eNB. In order to determine which eNB is better in
terms of stability of connection for both users of the D2D pair, we make the comparison according to
their Deounter values. Since whatever the D2D pair connects to, the unsatisfied user’s received signal
condition would probably not be too disparate from the satisfied one because of the short distance
between the two users. Thus, with the joint consideration of stability of connection and avoidance of
ping-pong effect, we would designate the eNB with the largest Doyuter value and its strength holding
for a period of TTT to be the new serving eNB. For the third subclass, as the target eNB is worse
than the original serving eNB, we will retain the connection to the original serving eNB to minimize
unnecessary handovers.

For the third class, both users of the i-th D2D pair are connected to the target eNB. We can further
classify this class into three subclasses: (1) both users can satisfy their minimum requirement of
connection, (2) either one of them can satisfy the minimum requirement of connection but the other
cannot, and (3) neither one of them can satisfy the minimum requirement of connection. For the first
subclass and the second subclass, we would hand over the D2D pair to the target eNB due to the
target eNB’s advantage over the original serving eNB in satisfying both users. For the third subclass,
the minimum requirement of connections of both users cannot be satisfied, no matter connecting to the
target eNB or the original serving eNB. We can only choose the best eNB with which both users have
better-received signal strength, as specified in the utility function (8). Thus if such eNB can keep its
advantage for a period of TTT, it will be the new serving eNB for the D2D pair.
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The handover decision rules above are comprehensively shown in Algorithm 2, where the first
class, second class, and third class are listed from Line 1 to Line 3, Line 5 to Line 20, and Line 21 to Line
37, respectively. Thus, with Algorithm 1 and Algorithm 2, for each D2D pair, we can obtain the best
handover target by jointly considering the movements and the received signal conditions of both users.

Finally, as a result of Algorithm 1 and Algorithm 2, we can achieve our goal of reducing unrequired
handovers caused by a possible ping-pong effect while assigning both users of the same D2D pair to

the same eNB.

Algorithm 2 Handover Decision Algorithm

W W W W W W W W WRNDNNDN NN NNDNDNRPR 2R m s

Input: RSRP;ES’;, RSRP%EggZ, RSRPgelljg, RSRPIME g Deounter NP (1),

Output: Handover decision for i-th pair of DZD users
if RSRPSeNB > ¢ and RSRPYE, > ¢ then

DUE? =
return retaln transmission in the SeNB
end
else

if RSRPSeNEB > ¢ or RSRPYNE, > ¢ then
if RSRPTCNB > ¢ and RSRPT‘N > ¢ then

return handover to the TeNB
end

else if RSRPTENB > @ or RSRP;ELII\;SBz > @ then

if DcouanEN B 7( ) > Deounter™N B'i(t) for a period of TTT then
return handover to the TeNB

end
else
return retain transmission in the SeNB
end
end
else
return retain transmission in the SeNB
end
end
else
if RSRPTNE > ¢ and RSRPTNE > ¢ then
return handover to the TeNBx
end

else if RSRPT"NB > @ or RSRPTEN > @ then

return handover to the TeNB
end
else
Calculate Utilityl.SEN B and UtilityiT'“’N B using (8)
if thilityiTEN B> Utilityis"N B for a period of TTT then
return handover to the TeNB
end
else
return retain transmission in the SeNB
end
end
end
end
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4.3. Handover Procedure

As we determine the target eNB and make the decision to hand over to it, the handover procedure
will proceed accordingly.

The 3GPP standard of LTE-A specifies the handover procedure for a single cellular user [11].
The main difference with D2D handover is that, in the handover procedure of a D2D pair, the original
serving eNB will issue the joint handover command to both users of the D2D pair. Both users detach
from the previous serving eNB and synchronize with the target eNB after both the handover decision of
the original serving eNB and the admission control of target eNB are made. After the synchronization
for both users of the D2D pair with the target eNB, the target eNB would allocate radio resources for
both users to sustain their D2D communication.

4.4. Analysis of Computational Complexity

In order to achieve a seamless handover for each pair of D2D users in a realistic environment,
we need to ensure that our proposed methods are effective and efficient. Fortunately, for n eNBs and
d D2D pairs, the time complexity of Algorithm 1 and Algorithm 2 for each pair of D2D users are
only O(n) and O(1), respectively. Thus, the time complexity for each eNB to conduct the handover
mechanism for every pair of D2D users in its coverage is at most O(d-n). Therefore, our proposed
algorithms meet the real-time computational requirement in the real environment.

5. Simulations

5.1. Parameter Settings and Network Topology

To evaluate the system performance of the proposed algorithms, we consider a network
environment consists of 19 eNBs, as shown in Figure 3. Also, there are 1-6 pairs of D2D users
uniformly distributed in the coverage of each eNB. Table 1 shows the parameter settings used in
the simulations.

Topology
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-1000/
1500/

-2000
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-2000 -1500 -1000 -500 0 500 1000 1500 2000
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Figure 3. Network topology considered in the simulation.

Additionally, for the two DUEs of the same D2D pair, two mobility models are taken into account
in the simulations. Particularly, the first one assumes that the fixed distance (30 m) is preserved between
two DUEs of the same D2D pair during their movement. Also, they possess the same moving direction
and velocity, while the moving direction would be changed every 3 s. For this scenario, we name it as
the fixed distance (FD) model. For the second scenario, we refer to the reference point group mobility
(RPGM) model in Hong et al. [23]. It assumes that the movement of a group of users is mainly decided
by the moving behavior of a central point in that group. Note that the moving direction of each user
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would be changed every 3 s. Mathematically, the moving direction for a group member [ at time slot t
can be expressed by

- -

Vl(t) = Vgroup(t) + R]\/Il)(t) (10)

where Vg (t) and RM(t) indicate the moving vector of the central point and a random biased vector
with respect to the central point, respectively. In our simulation, when RPGM is used as the mobility
model, each D2D pair i would be viewed as a group. DUEI.1 would be regarded as the central point of
this group, and DUE? can move around in the circular area around the central point with a radius of
30 m.

Table 1. Simulation parameters.

Parameter Value
Bandwidth 10 MHz
Number of RBs 50
Number of eNBs 19
Number of D2D pairs 1-6 per eNB
Radius of eNB 500 m
Transmit power of eNB 46 dBm
Transmit power of UE 23 dBm
Path loss model [22] eNB to UE: 128.1+36.7log d, d in km; UE to UE: 148+40log d, d in km
Shadow fading deviation 8 dB
Distribution of D2D pair Uniform
UE mobility model Random direction
Speed of UE 3,30, 60, 90, 120 km/h
Distance between DUEs 5-30 m
1] —80 dBm
P 60
A3 event margin 3dB
Time-to-Trigger (TTT) 160 ms
Simulation rounds 30
Simulation time 40s

RBs: Resource Blocks; ¢: Threshold of minimal RSRP; p: Threshold of turning angle.

Moreover, in this section, we also make comparisons among three methods. The first one is the
conventional LTE-A handover standard in which the handover decision of a single cellular user is
made according to the A3 event, which is referred to as the “standard” in our discussion. The second
one is the method proposed in Ouali et al. [20], with which two DUEs of the same D2D pair find out the
target eNB first, then both users jointly hand over to the target if both of them meet A3 event. However,
if only one of them meets the A3 event, the satisfied one hands over to the target first, while the other
stays with the original eNB until it meets the A3 event. The second method is referred to as “D-A3”
in our discussion. The third scheme under consideration is our method. Our approach considers
users’ movements together with the received signal conditions for both DUEs of the same D2D pair.
In order to evaluate the effect of individual mechanism, we conduct experiments considering only
utility function as well as experiments considering both utility function and Dcounter. The former is
referred to as “D2D pairing (DP),” and the latter is referred to as “ direction-counter-triggered D2D
pairing (DTDP)” in our discussion. The signaling cost can be substantially reduced if both parties of a
D2D pair connected the same eNB, DTDP and DP are therefore designed to let both parties of a D2D
pair to handover together. For the sake of a fair comparison, the above-mentioned D-A3 will act the
same in our simulations.

We will use the total number of handover, utility, satisfied ratio and average interruption time
as our performance metrics for the comparative studies under different scenarios. In the following
sections, we will analyze the numerical results in great detail. Particularly, the numerical results can
be further divided into two parts. For the first part, the analysis is focused on the macro view of the
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simulated environment—that is, the average behavior of D2D pairs. Also, both of the aforementioned
mobility models—FD and RPGM—would be examined. Subsequently, for the second part, in contrast
to the first part, by observing the moving process of a single instance of D2D pair, we can thus analyze
its performance from a micro point of view.

5.2. Macro View of Numerical Results

For the performance evaluation of the macro view of the system, we consider the following
performance indicators: total number of handovers, the utility value measured using (8), and the
satisfaction ratio which is assessed according to the predefined RSRP threshold ¢. We observe the
change in system performance by varying essential parameter settings, such as the number of D2D
pairs and moving speed. Both mobility models—the FD model and the RPGM model—are included in
our simulations. Four approaches, namely Standard, D-A3, DP, and DTDP, are compared in our study
to examine their relative merits and limitations.

Figure 4a shows the total number of handovers with respect to a different number of D2D pairs
in the system. We can see that the proposed method has the fewest number of handovers compared
to the other methods for both mobility models. Since the conventional standard only considers the
received signal condition of a single cellular user, there is a high probability that the two DUEs of the
same D2D pair will not simultaneously hand over to the same target when they are moving around in
the area overlapped with multiple eNBs. This results in an additional number of handovers in the
system. For the D-A3 method, both DUEs of the same pair will choose the same target eNB first and
hand over to the target together when both of them have satisfied A3 events. DP only considers the
received signal conditions of both DUEs, which does not take into account their movements. This will
result in an additional number of handovers. On the other hand for the proposed DTDP, attributing to
the Deounter and the utility function, which accounts for both DUEs” movements and their received
signal conditions, the better handover decision of a D2D pair to their preferred eNB can be realized.
Now we examine the effects of different mobility models. Unlike FD which maintains a fixed distance
(30 m) between both DUEs for each pair, the range between two devices of a D2D pair in RPGM is
varied between 0 to 30 m. Thus FD may have less probability to synchronously hand over both DUEs
of the same pair. This lack results in about 16% to 21% more handovers than RPGM.

The impacts of the number of D2D pairs on the average utility value per D2D pair and the average
satisfied ratio are shown in Figure 4b,c. The satisfied-D2D pair-ratio, simply referred to as the satisfied
ratio hereafter, is defined as the ratio of D2D pairs that the RSRPs of both DUEs of that pair can
attain the predefined threshold ¢. The conventional standard may connect DUEs of a D2D pair to
different eNBs. The average utility value per D2D pair and the satisfied ratio are calculated based on
the received signal conditions for both DUEs when they are connecting to the same eNB. Therefore,
the conventional standard is not included in the comparisons. As we can see from Figure 4b,c, the
number of D2D pairs in the system and the type of mobility models do not significantly affect the result
of average utility and satisfied ratio. This can be a result of the independence of D2D pairs and the
sufficiency of resources in the network. We can still observe that the average utility value per D2D pair
does really affect the result of satisfied ratio in the system. There is a trend that the higher the value
of average utility per D2D pair, the better the satisfied ratio. The reason behind this phenomenon is
that the eNB with a better received signal condition will be chosen using the proposed utility function
(8). Moreover, the D-A3 method only chooses the target eNB that has the best RSRP to either one of
the DUEs of the same pair. The other DUE may have a worse RSRP value with respect to the target.
Thus, the average utility of D-A3 is inferior to our method. As for the performance difference between
DTDP and DP, DTDP firstly considers Deounter values rather than the utility values in the selection of
the target eNB. This renders the average utility of DTDP slightly worse than that of DP, which only
counts utility values in the handover mechanism.
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Figure 4. Total number of handover, utility, and satisfied ratio versus the number of device-to-device
(D2D) pairs under different mobility models. The charts on the left and the charts on the right correspond
to the fixed distance (FD) model and reference point group mobility (RPGM) model, respectively.
(a) Total number of handovers; (b) utility; (c) satisfied ratio.

Figure 5a shows the impact of the moving speed of D2D users on the total number of handovers
under both mobility models, FD and RPGM. As the moving speed of D2D users increases, there is
a higher chance for D2D pairs to pass the areas overlapped with multiple eNBs. This results in a higher
number of handovers. The conventional standard has the most number of handovers. It only considers
the RSRP of each user, which may lead to different handover targets for the two DUEs of the same pair.
For the DA-3 method, although the same target eNB is chosen by a pair of D2D users, the selected eNB
might not be the best in minimizing the number of handovers. Thus additional handover times may
still be generated. The proposed DTDP takes into account users’ movement angels for the handover
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target choice while DP does not. With DTDDP, there is a higher probability for each pair of D2D users to
correctly determine whether to hand over to the new eNB or stay at current eNB. Therefore, the total
number of handovers of DP is about 18% to 20% more than that of DTDP. The distance between two
DUEs of the same D2D pair for RPGM is shorter than in FD. The total number of handovers of FD
may be more than that of RPGM due to a considerably more difference in the RSRP values between
two DUEs of the same pair. This causes more unstable received signal conditions for D2D pairs with
respect to their connecting eNBs.
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Figure 5. Total number of handovers, utility, and satisfied ratio versus the moving speed of each D2D
user under different mobility models. The charts on the left and the charts on the right correspond to the
FD model and RPGM model, respectively. (a) Total number of handovers; (b) utility; (c) satisfied ratio.
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Figure 5b,c shows the average utility value per D2D pair and the satisfied ratio of the system vs.
different speeds of users. Here, we can observe that there is a close correlation between the average
utility value per D2D pair and the satisfied ratio of the system, as mentioned before. In addition,
the average utility value and the satisfied ratio decrease with the increase of the user velocity. This is
due to the fact that, as users move rapidly, the frequent handovers caused by unstable RSRPs may
happen for each D2D pair, which leads to the lower average utility value. For the comparison of
various methods, as mentioned before, since the D-A3 method only chooses the target eNB that
has the best RSRP to either one of the DUEs of the same pair. The other DUE may have a worse
RSRP value to the target, which results in worse utility than both of the proposed methods (DP and
DTDP). DP only considers the utility values for choosing the target eNB and making the handover
decision. Consequently, DP incurs additional handovers and generates a longer latency. However, the
performance of DP would be better than DTDP in terms of average utility and the satisfied ratio of
the system. For the comparison of the two mobility models, the FD model has the larger difference in
RSRPs between both DUEs of the same pair, which induces more handovers due to relatively unstable
received signal conditions for each D2D pair but it does not really affect the average utility value of the
DTDP because, for the utility function, both DUEs” RSRPs are averaged. Similarly, since the satisfied
ratio mainly pertains to the average utility, it would not be affected by different mobility models.

Figure 6a illustrates the impacts of the distance between the two DUEs of the same pair on
the average handover time and the average throughput. The handover time is calculated as the
total time for both DUEs of the same pair to handover to their targets. Note that the time spent
for each user to conduct its handover process is set to a fixed value (40 ms). The delay caused by
other procedures include waiting time for a DUE to complete its handover process when the other
has done, the transmission time for the original serving eNB to transmit the handover commands
to both DUEs, and the transmission time for both DUEs to send the successful-handover messages
to the target eNB. Thus, for Figure 6a, as we can see that the average handover time increases with
the increase of the distance between the two DUEs of a D2D pair due to the increased waiting time
for both DUEs to complete their handover procedures and the increased transmission delay. Also,
we can see that the average handover time has a negative effect on the average throughput. This is
because, in addition to the decreasing of throughput due to the lower channel gain caused by the
increasing distance between two DUEs, the blocking of data transmission between two DUEs during
their handover processes would also degrade the throughput. For the comparison of different methods,
the conventional standard has the highest probability of letting both DUEs handover to their targets
in a non-simultaneous way. Thus, the time consumption in waiting for both DUEs to complete their
handover procedures becomes the largest among all methods. As a result, it has the highest average
handover time. For D-A3, it is better than the conventional standard in terms of average handover
time owing to the choosing of the same target eNB for both DUEs. Since our proposed method chooses
the same target for two DUEs and also jointly conducts their handover procedures, DTDP has the
lowest average handover time.

Figure 6b shows the cumulative distribution function (CDF) of the control signal transmission
delay and the average throughput. For the control signal transmission, we consider two different cases.
The first one is that both DUEs of the same pair connect to the same eNB for their control signals
transmission. The other one is that DUEs connect to different eNBs, which is possible when such a
D2D pair is moving around at the cell boundary. As mentioned before, the latter has additional latency
due to the information exchanges on the X2 interface among different eNBs and among eNBs and D2D
devices. Therefore, in this aspect, we can observe that there is higher transmission latency for both
DUEs of the same pair connected to different eNBs than connected to the same eNB. Furthermore,
as we can see from the average throughput when the two DUEs connect to different eNBs, their control
channels have higher transmission latency. This also induces lower throughput.
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Figure 6. Average handover time and average throughput versus the distance between two
device-to-device user equipment (DUEs) of the same pair, and the cumulative distribution function
(CDF) analysis of transmission delay and average throughput of the system. (a) Performance of average
handover time and average throughput. (b) CDF of transmission delay and average throughput.

Another issue that deserves further investigation is the number of D2D pairs having both parties
connected to the same eNB. To reduce the number of unnecessary handovers, DP and DTDP are
designed to let both parties of a D2D pair conduct handover together. As a result, the signaling cost can
be minimized. In the next experiment, non-simultaneous handover is allowed for D-A3, denoted by
ID-A3. Figure 7 reports the ratio of D2D pairs having both users connected to the same eNB. Both DP
and DTDP have a ratio of one. On the other hand, ID-A3 has a ratio of around 70%. It implies that the
signaling cost of ID-A3 will be higher than that of DP and DTDP.
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Figure 7. Ratio of D2D pairs having parties connected to the same eNB.
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Previous simulations present the system dynamics in the control plane, so now we turn our
attention to the data plane. For 76 D2D pairs moving at a speed of 3 km/h, we vary the transmission
power of UEs and observe the change in system throughput. Figure 8 shows that the system throughput
is correlated to the UE transmission power. For the same distance between two UEs, the higher
transmission power at the sender implies the higher received signal strength at the receiver. Asindicated
in Equations (3) and (4), the higher received signal strength will result in the higher system capacity
and, therefore, the higher system throughput. It is worth noting that the change in UE transmission
power will not affect the number of handovers, utility function, and satisfaction ratio. That is because,
for those handover management schemes that we considered, the selection of handover target and the
timing of handover rely on the RSRP in the control plane rather than the UE transmission power in
the data-plane.
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Figure 8. System throughput versus user equipment (UE) transmission power.

5.3. Micro View of Numerical Results

The numerical results described above are evaluated from a macro view of our simulations. In this
section, we will focus on the micro view of our system. In other words, we will look into the detailed
behavior of a single instance of the D2D pair. The first pair of D2D users in the system is chosen
as the object of observation, and the comparisons between various methods are made based on the
performance of this particular D2D pair.

Figure 9a shows the number of handovers for the first pair of D2D users versus their moving
speed. As mentioned in the previous section, when the moving speeds of both users increase, there is
a higher probability for the D2D pair to pass the overlapped areas of multiple eNBs. This results in
more number of handovers. Additionally, the results of comparison among different methods are the
same as before. DTDP chooses a single eNB as the handover target of the D2D pair and makes the
handover decision weighing both DUEs” movements and their received signal conditions. Doing so
can greatly reduce unnecessary handovers.

In Figure 9b,c, the utility value and the average satisfied ratio for the first D2D pair in the system
versus its moving speed are given. As discussed in the previous section, with the increasing of the
speeds of both DUEs, the received signal conditions of both users become more unstable. Thus, it may
be possible for a rapid-moving pair of users to start their handover process before they have left the
original serving eNB'’s coverage. This will give a lower utility value. The utility value is correlated to
the satisfied ratio. With the increasing speeds of both DUEs, the satisfied ratio will decrease accordingly.
For the comparison between various methods, DP only depends on received signal conditions so as to
have the highest utility value and satisfied ratio among all the methods. However, extra handovers
may also degrade the performance. For D-A3, since it only chooses the target eNB that has the best
RSRP to either one of the DUESs, the other DUE may have inferior RSRP to the target. This behavior
results in the worst utility and satisfied ratio compared with other methods. As for DTDP, with the
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considerations of received signal conditions for both DUEs and their movements, its utility value and
satisfied ratio are a little bit worse than DP. However, it would introduce fewer handovers and achieve
the best performance in terms of transmission latency and average throughput.

Utilit D2D Pai
a2 ility per air ‘

Total Handover Times per D2D Pair

-©-Standard
| —+—D-A3

~

o

(¢
Utility

Handover times
w IS

N
T

0 30 60 90 120 . 3 30 60 90 120

Speed of UE (km/hr) Speed of UE (km/hr)
@) (b)

% Satisfied Ratio per D2D Pair

Satisfied ratio (%)

3 30 60 90 120
Speed of UE (km/hr)

(c)

Figure 9. Total number of handovers, utility, and average satisfied ratio for the first D2D pair in the

system versus its moving speed. (a) Total number of handovers for the first D2D pair. (b) Utility for the
first D2D pair. (c) Average satisfied ratio for the first D2D pair.

6. Conclusions

In this paper, we have proposed a novel handover mechanism for D2D communications. First,
a list of handover candidate eNBs is generated for each D2D pair based on both DUEs” movements
and received signal conditions. With the introduction of D¢uuser and the utility function, we can then
determine the best handover target for this D2D pair. The decision jointly considers their historical
movements and the received signal conditions. Second, we take into account both DUEs’ satisfaction in
terms of their received signal conditions with respect to their original and target serving eNBs to decide
whether or not to hand over them to the target eNB simultaneously. As in the result, in addition to
reducing handovers and decreasing transmission latency, the better performance in terms of received
signal quality for both DUEs is also achieved.

According to the simulation results, the proposed DTDP method shows better performance than
the conventional standard and D-A3 method in terms of the total number of handovers, average utility
value, and satisfied ratio, both at the system level and user level. Although the DP method, which
does not account for Dcoynter, sShows better performance in the average utility value and satisfied ratio,
it incurs more handovers and lengthens transmission latency, which leads to lower throughput.
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